One of the fundamental aspects of the action of the anesthetics is their effect upon respiration. In order to study this under conditions where the anesthetic is the only variable, it is desirable to employ plants, since experimenks with animals are usually complicated by luuscular action and its influence on the rate of respiration. Under suitable conditions the rate of respiration in plants remains remarkably constant for periods of time considerably longer than the average experiment, so that they offer good material for this type of work.
root-hairs. The material was used when the roots were from one to one and a half inches long, with abundant surface for absorption and respiration. Before using, the seeds were washed for 10 minutes in running water. They were then put into a flask of Pyrex glass, with 100 cc. of distilled water, and the apparatus was allowed to run. After the rate of respiration had become constant (in distilled water) it usually remained so for at least 8 hours. As the average experiment lasted from 2 to 4 hours, it was possible to discount any variations in the rate as being due to manipulation, provided that the temperature remained constant. During the course of an experiment the temperature seldom varied more than a degree either way. The average room temperature was 20°C.
The indicator used was phenolsulfonephthalein in aqueous solution. The normal rate of respiration was taken as the reciprocal of the time required to change the pH value of the indicator from pH 7.36 to pH. 7.09, these values being chosen as being sufficiently different in tint to be easily read. The time varied with the age of the seedlings, ranging between 30 and 60 seconds.
The seeds were treated with a watery solution of ether, the concentrations employed being 1 per cent, 3.65 per cent, and 7.3 per cent (by volume). After the rate of respiration had become constant, 100 cc. of the required solution was substituted for the distilled water in the flask, and the experiment continued3
With a solution o~ 1 per cent ettler in distilled water the first effect was a fallin the rate of respiration. Fig. 1 (average of five experiments) shows that the minimum reached was 36 per cent of the normal, 6 minutes after the beginning of exposure to the ether. The rate then rose gradually towards normal, but remained below it for 48 minutes. The next stage was a rapid rise to 124 per cent, the maximum being reached in 51 minutes, and the duration above normal being 6 minutes. This was succeeded by a depression, when the rate fell gradually to about 50 per cent in about 4 hours.
With a solution of ether 3.65 per cent She first effect was the same, the rate reaching a minimum of 48 per cent in 9 minutes. The depression lasted for 24 minutes, and was followed by a rapid rise, the Care was taken to avoid any possible errors due to the admission of air in opening the apparatus or to the introduction of distilled water. The normal rate (which is taken as 100 per cent), represents a change in pH value from 7.36 to 7.09 in a number of seconds varying with the age of the material, usually between 30 and 60 seconds. The curve with 1 per cent ether represents the mean of five typical experiments (probable error of the mean, less than 10 per cent of the mean). The curve with 3.65 per cent ether represents the mean of ten typical experiments (probable error of the mean, less than 5 per cent of the mean). The curve with 7.3 per cent ether represents the mean of six experiments (probable error of the mean, less than 5 per cent of the mean, except for two points, where the error is 10 per cent of the mean). 159
rate reaching a maximum of 200 per cent in 30 minutes after beginning the exposure to the ether. This second rise undoubtedly masked the earlier fall in experiments by the older methods, which did not allow readings to be made at such short intervals. The rise is succeeded by a fall, so that after 78 minutes the rate was reduced to 60 per cent. The rate continued to decline slowly after this. The above figures represent the mean of ten typical experiments. With 7.3 per cent ether, the general effects are similar. A minimum rate of 70 per cent of the normal was reached in 9 minutes, and the respiration remained subnormal for 12 minutes. The succeeding rise was very rapid, and reached a maximum of 235 per cent in 15 minutes. The rate then fell rapidly, reaching 60 per cent in 39 minutes. These data are the mean of six typical experiments.
In order to determine if the observed preliminary fall was really due to the action of the ether, and not to some experimental error inherent in the method, the work was repeated, using the direct indicator method as developed .by Haas. The seeds were placed in a Pyrex tube of the same dimensions as the standard buffer tubes used for comparison, and the normal rate determined by adding measured quantities of tap water, containing phenolsulfonephthalein, 5 drops to 10 cc. The water was brought to the required pH value by the addition of traces of NaOH. The tube was closed, and inverted several times, so as to mix the contents thoroughly. After the time taken to change from pH 7.36 to 7.09 was noted, the seeds were well rinsed with several changes of tap water. The ether was made up with tap water and the indicator added. It was found that the results were essentially the same. That is, a curve was obtained showing three well marked divisions: a preliminary fall, a rise, and a final slower declension. It is thus reasonably certain that these results are due to some specific action of the ether.
The increase in rate followed by a fall was also observed by Thomas 3 in experiments on wheat but she does not describe a preliminary depression. In regard to the latter the results recall those of Irwin 4 on frog eggs and Fundulus embryos. In these cases Irwin found that the first effect of ether, in certain concentrations, was a fall in the rate.
3 Thomas, H. S., J. Gen. physiol. 1918 -19, i, 203. * Irwin, M., J. Gen. Physiol. 1918 of respiration. The significance of these results seemed to be doubtful, and no emphasis was laid on them. The present experiments on plants, there.fore, indicate that this preliminary depression may be
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In etheP 3.65% of general occurrence. In that case their importance is evident, and must be reckoned with in any attempt at a general theory of anesthesia.
The interpretation of these results raises several questions. For example, which part of the curve represents stimulation, which anesthesia, and at what point do the toxic (irreversible) changes begin? In regard to the latter, it was found that, even when the respiration had been reduced below normal, complete recovery was possible on removal to distilled water, provided that the depression was not too great (Fig. 2) . Below a certain range the respiration fell even more rapidly when the seeds were removed from the ether. There was no evidence of incomplete or partial recovery. 5 It is thus seen that up to a certain point, which may be below the normal rate of respiration, the curve represents chants in the rate of carbon dioxide production which are completely reversible. The boundaries of the stimulatory and anesthetic effects must be left for future experiments to decide.
SUMMARY.
Using these concentrations of ether (1 per cent, 3.55 per cent, 7.3 per cent), the following conclusions may be drawn.
1. The first effect of ether is to cause a depression in the rate of respiration. This is followed by a rapid rise above normal, which in turn is succeeded by a fall.
2. With all these concentrations the respiration is ultimately reduced to approximately the same level; the stronger the ether, the less time required to produce this result.
3. Even when the respiration has been reduced below normal, recovery is possible on removal from the ether, and appears to be complete, if sufficient time is allowed. If, however, the rate has been too far depressed, no recovery is possible.
4. These results extend those of Irwin on frog eggs and Fundulus embryos.
